Abstract Purpose: Patients who require mechanical ventilation are at risk of emotional stress because of total dependence on a machine for breathing. The stress may negatively impact ventilator weaning and survival. The purpose of this study was to determine whether depressive disorders in patients being weaned from prolonged mechanical ventilation are linked to weaning failure and decreased survival. Methods: A prospective study of 478 consecutive patients transferred to a long-term acute care hospital for weaning from prolonged ventilation was undertaken. A clinical psychologist conducted a psychiatric interview to assess for the presence of depressive disorders. Results: Of the 478 patients, 142 had persistent coma or delirium and were unable to be evaluated for depressive disorders. Of the remaining 336 patients, 142 (42%) were diagnosed with depressive disorders. In multivariate analysis, co-morbidity score [odds ratio (OR), 1.23; P = 0.007], functional dependence before the acute illness (OR, 1.70, P = 0.03) and history of psychiatric disorders (OR, 3.04, P = 0.0001) were independent predictors of depressive disorders. The rate of weaning failure was higher in patients with depressive disorders than in those without such disorders (61 vs. 33%, P = 0.0001), as was mortality (24 vs. 10%, P = 0.0008). The presence of depressive disorders was independently associated with mortality (OR, 4.3; P = 0.0002); age (OR, 1.06; P = 0.001) and co-morbidity score (OR, 1.24; P = 0.02) also predicted mortality. Conclusion: Depressive disorders were diagnosed in 42% of patients who were being weaned from prolonged ventilation. Patients with depressive disorders were more likely to experience weaning failure and death.
Introduction
Critically ill patients who require mechanical ventilation are at risk for mental stress because they know that their ability to breathe depends on assistance from a machine.
despair [2] . Coping mechanisms can become overwhelmed, resulting in feelings of ''wanting to give up'' and a desire to die [3] . As the duration of mechanical ventilation increases, adverse emotional reactions are likely to increase, which may negatively impact a patient's ability to wean from the ventilator.
In some countries, patients who repeatedly fail weaning attempts in the ICU are transferred to a facility that specializes in weaning from prolonged ventilation [4] . These patients typically have several co-morbid conditions-obstructive lung disease, cardiovascular disease and diabetes mellitus-that were present before the onset of acute respiratory failure [5] [6] [7] . Depressive disorders have been reported to be prevalent in patients with these chronic illnesses [8, 9] . Accordingly, the presence of co-morbidities together with the emotional stress secondary to acute respiratory failure may be a catalyst for developing depressive disorders in patients who are being weaned from the ventilator. Research on ventilator weaning has primarily focused on physiological variables that predict weaning outcomes [10] [11] [12] and the use of different techniques to facilitate weaning [13] [14] [15] . In contrast, studies that explore the impact of mental wellbeing on weaning outcomes and, in particular, the influence of depressive disorders are virtually non-existent.
The aim of the study was to determine whether the presence of depressive disorders is associated with weaning failure and decreased survival in patients who were being weaned from prolonged ventilation at a weaning facility. Specifically, we hypothesized that the presence of a depressive disorder would be associated with an increased likelihood of weaning failure and decreased survival.
Methods

Patients
Between August 2005 and November 2006, 478 consecutive patients transferred to RML Hospital (RMLH), a long-term acute care hospital, for weaning from mechanical ventilation were recruited. All patients were tracheotomized before arrival. The study was approved by the Institutional Review Board of RMLH. Informed consent was waived because this non-interventional study posed no added risk to the patient.
Baseline assessment
Upon arrival at RMLH, the following data were obtained from the medical record: demographics, premorbid characteristics (Charlson CoMorbidity Index, previous history of psychiatric illness), reason for instituting mechanical ventilation (at the transferring hospital) and its duration before transfer to RMLH. Acute Physiology and Chronic Health Evaluation (APACHE II) scores were calculated within 24 h of admission to RMLH to quantify current severity of illness. Functional level before the onset of respiratory failure was assessed using the Zubrod scoring system: 0 = fully active; 1 = restricted in strenuous activity; 2 = ambulatory, capable of self care but not work; 3 = bed-ridden 50% or more of the time, limited self-care; 4 = totally bed-ridden and disabled, no selfcare [16] . The scores were obtained by interviewing the patient or family caregiver.
Psychiatric interview
Within 3 days of admission to RMLH, patients underwent a two-part psychiatric interview conducted by one of our two doctoral-level clinical psychologists. In the first part, the patient's cognitive status was evaluated using the Neurobehavioral Cognitive Status Examination (Cognistat) (see Appendix) [17] . Patients who were unresponsive to verbal or tactile stimuli were classified as comatose; patients who were minimally responsive and had evidence of cognitive impairment were classified as delirious using the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria for delirium [18] . Patients who were classified as comatose or delirious upon admission to RMLH were reevaluated on a daily basis; if their mental status improved, a complete psychiatric evaluation was then performed.
Patients who had normal cognition underwent the second part of the interview-the psychiatric evaluation. At that time, the psychologist examined the patient for signs and symptoms of depression (see Appendix). Patients were then classified as having depressive disorders (major depressive disorder, dysthmic disorder or depressive disorder not otherwise specified) if they met the DSM-IV criteria for depressive disorders.
Weaning status
Patients underwent daily weaning trials as tolerated, consisting of either pressure-support ventilation or spontaneous breathing trials through a tracheostomy (see Appendix). A patient who was able to breathe spontaneously without mechanical ventilation at discharge from RMLH was considered a weaning success. A patient who was not successfully weaned at discharge or died while at RMLH was considered a weaning failure. Patients were followed daily until hospital discharge. 
Results
Of the 478 patients, 184 (38.5%) were judged to have a normal sensorium and were evaluated for depressive disorders on admission to RMLH ( Fig. 1 ; Table 1 ).
The remaining 294 could not be evaluated because they were comatose (48 patients) or delirious (246 patients). Of 294 comatose-delirious patients, 142 (29.7%) remained comatose or delirious and were unable to be evaluated for depressive disorders. This cohort was termed the persistent coma-delirium group and not included in the outcome analysis. The other 152 (31.8%) comatose-delirious patients had an improvement in sensorium. This cohort, termed the transient coma-delirium group, was evaluated for depressive disorders when alert and was included in the outcome analysis. The final evaluable cohort consisted of 336 patients (Fig. 1) . Compared with the non-evaluable group (persistent comatose-delirium group), the evaluable group (normal sensorium and transient coma-delirium groups) had a lower APACHE score [median 15 (range 
Prevalence of depressive disorders
Of the 336 patients evaluated by the psychologist, 142 (42%) were diagnosed with depressive disorders. Of those 142 patients, 17 (12%) were diagnosed with major depression, 6 (4%) with dysthmic disorder and 119 (84%) with depressive disorder not otherwise specified (NOS). In the 142 patients who were diagnosed with a depressive disorder, 90% received antidepressants and psychotherapy, 6% received psychotherapy alone and 4% refused antidepressants but agreed to psychotherapy (see Appendix). Patients with depressive disorders had a higher APACHE score (P = 0.04) and Charlson Co-morbidity Index (P = 0.0002), and spent longer on the ventilator before transfer to RMLH (P = 0.005) than those without such disorders ( Table 2 ). The percentage of patients who were functionally dependent (Zubrod scores 3-4) before the onset of respiratory failure was greater among patients with depressive disorders than among those without such disorders (47 vs. 29%, P = 0.0006) (Fig. 2) . Age, gender, and cause of acute respiratory failure were similar among patients with and without depressive disorders. In patients diagnosed with depressive disorders, 35% had a previous history of psychiatric disorders compared with 17% of patients not diagnosed with this condition (P \ 0.0001). Depressive disorders were more prevalent in patients with transient delirium than in patients with normal mentation (58.6 vs. 28.8%, P \ 0.0001).
Multivariate logistic regression analysis showed that Charlson Co-morbidity Index (odds ratio 1.2), functional dependence before acute illness (odds ratio 1.7) and Number of patients Fig. 2 Distribution of functional status among enrolled patients the month before onset of respiratory failure. Hatched area of each column represents the number of patients diagnosed with depressive disorders at the weaning facility; clear area represents the number of patients without depressive disorders. Functional dependence (partially or totally bedridden) was 1.6 times more frequent among patients with depressive disorders than among those without such disorders (P = 0.0006) history of psychiatric illness (odds ratio 3.0) were significant predictors of depressive disorders after controlling for age, gender, APACHE score, cause of acute respiratory failure and days on the ventilator before transfer ( Table 3) .
Effect of depressive disorders on patient outcome
The number of patients who could not be weaned from the ventilator was greater among patients with depressive disorders than among those without such disorders (Fig. 3) . Indeed, patients with depressive disorders were three times more likely to fail weaning as those patients without such disorders (odds ratio 3.1, range 1.9-4.9, P \ 0.0001). Mortality was 2.4 times higher among patients with depressive disorders than among those without such disorders (Table 4) . While the duration of mechanical ventilation at RMLH was twice as long in patients with depressive disorders compared to patients without such disorders, length of stay was equivalent in the two groups (Table 4) .
Multivariate logistic regression analysis showed that depressive disorders (odds ratio 4.32, P = 0.0002), age (odds ratio 1.06, P = 0.001) and Charlson co-morbidity index (odds ratio 1.24, P = 0.02) were associated with an increased risk for dying at RMLH (Table 5) . Factors associated with a decreased mortality included transient delirium (odds ratio 0.38, P = 0.02) and number of days on anti-depressant agents (odds ratio 0.95, P = 0.007).
Discussion
Of patients capable of undergoing a psychiatric interview on arrival to a weaning facility, 42% were diagnosed with depressive disorders. The presence of depressive disorders appeared to be related to factors present before the onset of acute respiratory failure, namely the comorbidity index, functional level before acute illness and previous psychiatric illness. The severity of medical illness at the time of arrival to the weaning facility did not contribute to the presence of depressive disorders. The presence of depressive disorders was associated with weaning failure and a higher mortality rate.
Prevalence of depressive disorders
To our knowledge, this is the first study to prospectively evaluate the prevalence of depressive disorders during weaning from prolonged mechanical ventilation. The prevalence of depression has largely been examined in survivors of critical illness several months after hospital discharge rather than while hospitalized [19] [20] [21] [22] . Using the same diagnostic technique that we used (structured interview), Weinert et al. [23] found that 32% of ICU patients who required mechanical ventilation were diagnosed with depressive disorders 2 months after discharge-a rate comparable to ours (42%). Other investigators have reported that when patients requiring mechanical ventilation were surveyed after ICU discharge, the prevalence of depression was 35% at 2 months and 32% at 12 months; that is, depression showed little decrease [6, 24] . In the present study, the presence of depressive disorders was not related to severity of the acute illness (APACHE II score, etiology of respiratory failure, days on ventilator before transfer) (Table 3) . Instead, the presence of depressive disorders was related to the patient's previous health status (Charlson Co-morbidity Index, previous psychiatric history and functional dependence). Studies in medical in-patients have revealed that pre-morbid status is a predictor of depressive disorders [25, 26] . These data suggest that ventilated patients with a previous psychiatric history or long-term physical disability may be at risk for developing depressive disorders.
Delirium
On the basis of a semi-structured interview conducted by an experienced psychologist, patients were considered to have delirium if they met the DSM IV criteria for delirium. Other investigators have used screening tools, such as the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) or Intensive Care Delirium Screening Checklist (ICDSC) to identify delirium in ICU patients [27] [28] [29] [30] . Half of our patients had delirium on arrival at RMLH. This incidence of delirium is lower than the incidence of 82% reported by Ely et al. [29] who used the CAM-ICU to define delirium, but higher than the value of 16% reported by Bergeron et al. [31] who used the ICDSC to define delirium.
Although length of hospital stay was greater in our delirium group than in our normal mentation group, mortality was almost identical in the two groups. These findings are in sharp contrast with studies of ICU ventilated patients, where delirium was associated with increased in-hospital mortality [27, 30] and increased mortality 6 months later [29] . Several factors may explain the differences. One, our patients were in the recovery stage, whereas ICU patients were in the acute phase of a critical illness. Possibly, it is the acute illness, not delirium per se, which explains the association between delirium and increased mortality in ICU patients. Indeed, in ventilated patients, delirium paralleled shock and APACHE score as a predictor of ICU mortality [30] . Moreover, when ventilated patients were transferred from the ICU to a step-down unit for weaning, delirium was not associated with increased risk of dying [32] . Two, the daily dosage of lorazepam in our patients (median 0.8 mg) is 10% of the median dose reported for ICU-ventilated patients [33] . Several groups have reported that sedatives are associated with the development of delirium [27, 34, 35] , longer ventilator duration and longer hospital stay [36] . Third, delirium in our patients was diagnosed by experienced psychologists, whereas screening tools, such as CAM-ICU or ICDSC, were employed to identify delirium in the ICU studies [29, 30] .
On post hoc analysis, we identified two delirium groups: patients with persistent and transient delirium. Characteristics of the two groups were similar with the exception that a neurological disorder as the cause of respiratory failure was 2.4 times more frequent in the persistent-delirium group than in the transient-delirium group (26 vs. 10%, P = 0.003).
Delirium improved in 62% of patients following admission to RMLH (the transient delirium group). It seems plausible to infer that improved mentation signals an improvement in overall illness, leading to better survival. Although patients with transient delirium were older and had more severe illness than patients with normal mentation (Table 1) , mortality was equivalent (16%) in the two groups. When corrected for these and other variables on multivariate logistic regression analysis, patients who experienced an improvement in delirium experienced a decrease in mortality (Table 5) .
Depressive disorders and outcome
Patients with depressive disorders were three times more likely to fail weaning as patients without such disorders. This observation suggests that the presence of depressive disorders contributed to weaning failure. Conversely, inability to wean before transfer to RMLH may have contributed to depression. Persistent discomfort from a critical illness, prolonged bed rest and ventilator dependency may have caused depression while the patient was in the ICU.
The presence of depressive disorders might also interfere with the pragmatics of weaning. Weakened or deconditioned respiratory muscles are believed to be a major reason that patients repeatedly fail weaning attempts [37] . One approach to reconditioning is the use of daily trials of spontaneous breathing [38] . Initiation of a spontaneous-breathing trial is under the control of the health-care team. Soon after a trial commences, however, many patients in a chronic weaning facility indicate that they wish to be placed back on the ventilator. Although our reasoning is speculative, it is possible that patients with depressive disorders will be more likely to make such a request. Apathy, loss of energy and diminished motivation are commonly seen with depression [8, 39] . As such, depressed patients may not have the energy and motivation necessary to tolerate the challenge of daily spontaneous breathing trials. If so, depressive disorders would contribute to weaning failure.
Patients with depressive disorders experienced a higher mortality than those patients without such disorders. The increased mortality in patients with depressive disorders was still evident after controlling for age and co-morbidity. Moreover, treatment with anti-depressants was associated with a decreased risk for dying ( Table 5 ). The fact that treatment for depressive disorders was associated with a decrease in mortality suggests a link between depressive disorders and mortality. Conceivably, the presence of depressive disorders may add to the distress that patients experience while receiving mechanical ventilation. Under such circumstances, coping mechanisms may become overwhelmed and, thus, a feeling of giving up may have occurred [3] .
The association between poor outcome (weaning failure and death) and depression raises another possible explanation: depression may be a reaction to the underlying physical illness before transfer to RMLH, and depression may not be directly linked to mortality. If that is the case, the final cause of death should be related to the pre-existing physical illness that the patient had before admission to RMLH (as opposed to depression). We found, however, that only 53% of the deaths were a consequence of the illness that patients had before transfer to RMLH.
Study limitations
First, the study was confined to a single center. The cohort, however, consisted of a mixed population of medical and surgical patients with diverse etiologies of acute respiratory failure (Table 1) . Second, unmeasured covariates related to the original ICU stay (e.g., exposure to psychoactive medication, number of failed weaning attempts in the ICU) may have contributed to the presence of depressive disorders. If these factors made a significant contribution, one would have expected duration of mechanical ventilation before arrival at RMLH to be a significant contributor to the presence of depressive disorders. This was not the case. On multivariate analysis, duration of mechanical ventilation before transfer was not a significant predictor of depressive disorders (Table 3) . Third, the psychologists were blinded to the managing physician's forecasting of weaning outcome when they first assessed the patient, but it was almost impossible to blind the psychologists to the physician's opinion later in the patient's stay.
In conclusion, evidence of depressive disorders was present in almost half the patients being weaned from prolonged ventilation. The presence of depressive disorders was related to factors present before the onset of acute respiratory failure and associated with an increased risk of weaning failure and death.
